Background: Pediatric obesity has become a global public health problem. Data on the lifestyle behaviors, dietary habits, and familial factors of overweight and obese children and adolescents are limited. The present study aims to compare health-related factors among normal-weight, overweight, and obese Chinese children and adolescents.
Background
The worldwide prevalence of pediatric overweight and obesity has increased dramatically in recent years. It was reported that in 2010, 43 million children were estimated to be overweight and obese, and 92 million were at risk of becoming overweight. The worldwide prevalence of childhood overweight and obesity increased from 4.2% in 1990 to 6 .7% in 2010 [1] . A high prevalence and increasing trend have been observed in many parts of the world [2] [3] [4] [5] [6] . In the most developed metropolis of China, the prevalence of overweight in children increased 2-3-fold between 1985 and 1995 [6] . Childhood obesity has become a global public health problem that has raised concern worldwide [7, 8] .
The associated health risks and health care costs of childhood and adolescent obesity are considerable, the consequences of which include metabolic disorders, earlier puberty and menarche in girls, type 2 diabetes, hypertension, sleep apnea, adulthood obesity, and higher rates of mortality in young adults [8] [9] [10] [11] [12] [13] . Given the huge health burden resulting from pediatric overweight and obesity, efforts should be made to prevent the onset of overweight/obesity and its associated diseases during early childhood.
Overweight and obesity among children and adolescents are likely to be the result of complex interactions between genes, lifestyle behaviors, dietary habits, and socioeconomic factors. As the targets of many public health strategies, life-related factors are modifiable, and they have been highlighted in many investigations. It is evidenced that life-related factors, such as physical activity, eating habits, and family income, are associated with pediatric overweight and obesity [7, 8, 14, 15] .
As the management of overweight/obesity among children and adolescents is often based on lifestyle modifications, recognition of the differences in lifestyle behaviors, dietary habits, or familial factors among children and adolescents with different weight status is the first step to take. However, the results of studies varied markedly due to differences in variables such as region and race. In rural areas of the northeast China, the health resources are relatively poor, the situation is often ignored by many health workers, and related data among children and adolescents, such as dietary habits and anthropological measurement results, are lacking. Therefore, we performed this study to measure 1) the prevalence of overweight and obesity in a large population sample of children and adolescents in the northeast China and 2) the differences in lifestyle behaviors, dietary habits, and familial factors in the participants with different weight status.
Methods

Study population
We conducted a cross-sectional study from July 2010 to January 2011 in rural areas of Shenyang, Liaoning Province, aiming to assess the differences in lifestyle behaviors, dietary habits, and familial factors among children and adolescents with different weight status. A total of 7637 students aged 5-18 years old were recruited. We adopted a multistage, stratified, cluster-sampling scheme and included participants from the northern, southern, western, and eastern regions of rural Shenyang. Three public schools were selected randomly from each geographic region. Samples from all of the classes in each school were included. In total, 12 public schools and 162 classes from these regions were selected. The overall response rate was 89%. Students known to have chronic heart, renal, or hepatic disease were excluded. The final sample included 4262 students (2196 boys and 2066 girls). Figure 1 shows the process of recruitment and derivation of the population. Informed consent was obtained from the parents of all subjects. The study was approved by the Ethics Committee of China Medical University.
Data collection
Information on personal characteristics, including age, gender, race, physical activities (e.g., jogging) and sedentary behaviors (e.g., watching television), transportation mode to school, sleep duration (including nocturnal sleep duration and nap duration), smoking and drinking status, parental education level, and family income, was collected by trained personnel (cardiologists, doctors of internal medicine, and pediatricians) using a questionnaire. The frequency of having breakfast and key food items (such as fresh fruit and vegetables) was evaluated. The possible responses were "never or occasionally," "less than once a week," "1-3 days per week," "4-6 days per week," and "everyday." The students were asked to rate their own level of weight status using the statements "too thin," "about right," "a little fat," or "too fat." Each participant was also asked to choose whether he/she would "put on weight," "lose weight," "stay the same as present," or "do nothing to his/her weight status" in the future. The same questions were answered by their parents to assess the parents' attitudes and any steps they to take regarding their children's weight status. The content validity of the questionnaire was assessed by specialists of the related field. Seven specialists were invited to evaluate the representativeness of each item against the aim of the questionnaire. A score for each item was required (1 = no correlation; 2 = weak correlation; 3 = strong correlation; 4 = extreme correlation). A high content validity index of 0.89 basing on the number of the specialists and their scores was observed, indicating a good content validity. Intraclass correlation coefficients were used to examine the test-retest agreement. Five hundred participants were selected randomly to complete the questionnaire a second time one month after the initial interview. The 1-month test-retest agreement for the questionnaire was 0.81. Internal reliability was tested by Cronbach's alpha, and a value of 0.848 was obtained, indicating a good consistency of the questionnaire.
Anthropometric measurements
Blood pressure (BP) was measured by trained personnel using a mercury sphygmomanometer and an appropriately sized cuff after each subject had rested for at least 5 min. The participants were advised to avoid coffee, tea, and exercise for at least 30 min before the measurement, and they remained seated with their arms supported at the level of the heart during the measurement. The average of two measurements was used in the analysis. With the subjects wearing light clothes without shoes, body weight was measured to the nearest 100 g by using a professional scale, and height was measured to the nearest 0.5 cm by using a stadiometer. Body mass index (BMI) was calculated using the formula weight (kg)/ height 2 (m 2 ). BP status was defined according to the Fourth Report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and Adolescents [16] . Prehypertension was defined as a systolic BP (SBP) and/or diastolic BP (DBP) ≥90th percentile and <95th percentile for age, gender and height, or alternatively, by an SBP of more than 120 mmHg or a DBP of more than 80 mmHg. Hypertension was defined as an SBP and/or DBP ≥95th percentile. Weight class was defined according to the tables of the International Obesity Task Force based on data from the U.S., Brazil, The Netherlands, Hong Kong, United Kingdom, and Singapore [17] .
Statistical analysis
Continuous variables were expressed as mean values and standard deviation (SD), whereas categorical variables were described as frequencies and percentages. Chisquare analyses were used to examine associations between the categorical variables and weight status. Continuous variables were compared between different weight status by using one-way analyses of variance. The association between overweight or obesity and healthrelated factors was tested using multivariable logistic regression models, with odds ratios (ORs) and 95% confidence intervals (CIs) calculated. All statistical analyses were performed using SPSS version 17.0 software, and P < 0.05 indicated statistical significance.
Results
The study sample consisted of 2196 boys and 2066 girls with a mean age of 11.04 ± 2.7 years. Of the 4262 participants, 15.3% were overweight, and 6.4% were obese. The prevalence of obesity was 9.5 and 3.1% among male and female participants, respectively. Overweight was found in 384 boys (17.5%) and 267 girls (12.9%). The prevalence of obesity decreased with age (5-8-year-olds: 7.6%; 9-11-year-olds: 7.2%; 12-14-year-olds: 5.9%; 15-18-year-olds: 3.1%). Figure 2 shows the median BMI by age and gender. The median BMI for boys was close to that of girls before the age of 15. The median BMI among girls (24.1 kg/m 2 ) was higher than that of their male counterparts (21.0 kg/m 2 ) at the age of 17. Figure 3 presents the prevalence of overweight plus obesity in different age groups by gender. Approximately one-third of boys and one-fifth of girls aged 5-11 years old had excess weight. Boys had higher prevalence than girls in all of the age categories. Table 1 presents the baseline characteristics of the participants according to BMI categories. Boys had much higher proportions of overweight and obese participants. The Han Race predominated in all three weight classes. Hypertension was more common among overweight and obese participants than among those with normal BMI. Tables 2, 3 , 4 present the differences in life-related factors among normal-weight, overweight, and obese participants. More children and adolescents with normal weight self-reported the consumption of snacks ≥4 days/ week compared to their obese counterparts (22.7% vs. 16.5%, P < 0.05). A higher self-reported family income (≥2000 CNY/month) was more common among obese participants (82.1%) than among those with normal weight (75.9%). More overweight and obese participants were found to have a small family size (total member ≤3). No significant difference was observed in other selfreported variables such as sleep duration, physical activity, and the consumption of dietary products among the three weight categories. Table 5 presents the recognition of weight status from the views of children and parents. Approximately onefifth of the obese children thought they were "about right" and would "stay the same as present." Among the parents of normal-weight children, 19.2% thought they were "too thin," and 19.7% reported that they would take measures to increase the weight of their children. Approximately half of the parents with an overweight or obese child failed to recognize their child's excess weight status. Table 6 presents the association between healthrelated factors and weight status according to multivariable logistic regression analysis. Overweight and obese participants were less likely to have a normal BP (OR: 0.437, 95% CI: 0.366-0.522 for overweight; OR: 0.206, 95% CI: 0.157-0.269 for obese). Obese children and 
Discussion
A large sample of the Chinese population was studied to explore current lifestyle health behaviors among children and adolescents. Overweight and obesity were found to be highly prevalent, particularly among the male participants. Differences in health-related factors and the recognition of weight status among participants in different weight categories were observed. Obese children were more likely to be nonsnackers, to have a shorter sleep duration, and to have a higher family income. The high prevalence of overweight/obesity in this study was in line with many other studies [5, [18] [19] [20] . It was reported that the prevalence of adolescent obesity increased dramatically from 5 to 13% in boys and from 5 to 9% in girls between 1966-70 and 1988-91 in the U.S. [21] . Data from China also indicated that the prevalence of overweight and obesity among 7-9-year-olds increased from approximately 1-2% in 1985 to 17% among girls and 25% among boys in 2000 in big cities [22] . The time trend of this rapidly growing epidemic was observed in both developed and developing countries [2] [3] [4] [5] [6] 23] . Given its huge impact on future generations, great attention should be paid to establishing appropriate prevention and treatment programs.
In the present study, we found that obese participants were more likely to be nonsnackers compared to the normal-weight ones. Several studies have investigated the association between snacking and pediatric obesity, the results of which were conflicting. Some studies suggested that snacking might increase energy intake and thus promote weight gain [24, 25] , whereas others reported an inverse relationship between snacking and body weight [26] [27] [28] . The negative association found in Data are expressed as n (%).
our study may be explained by the composition of snacks and the compensation of the energy from snacks. Summerbell et al found that snack foods, compared with meals, are actually lower in fat and higher in carbohydrates [29] . It was also evidenced that among night snackers, eating cereal after the evening meal could reduce caloric intake and promote weight loss [30] , indicating the important role of reasonable snack composition. In a study of snack consumption for 8 weeks, no weight gain was observed regardless of the moment of consumption and energy density of snacks [31] . This could be explained by the association between snacking and increased vigorous physical activity [26] or by rapid physical development in this period. The increased energy intake from snacking may have been compensated by activity or growth, thus limiting the development of obesity. A substantial amount of evidence exists regarding the link between short sleep duration and childhood and adolescent overweight or obesity [28, 32, 33] . A metaanalysis including 36 publications found that short sleep duration was independently associated with weight gain, particularly in younger age groups [34] . The present study indicated that childhood and adolescent obesity was associated with a shorter sleep duration (<7.5 h), confirming the earlier findings. The mechanisms underlying are not fully understood. Upregulation of appetite, alterations in glucose metabolism, and decreased energy expenditure might be the potential reasons for these findings [35, 36] .
In our study, we found that approximately half of the parents with an overweight or obese child failed to recognize their child's excess weight status. Approximately 35% of the parents with an obese child and 65% with an overweight child would not take measures to decrease their child's body weight. The low rate of parental recognition of childhood overweight and obesity in this study is consistent with other studies [37] [38] [39] . This phenomenon might be due to exaggerated parental concern regarding their children. They continued to feed their babies because of worries about insufficient nutrition and energy for their children. In some cultures, big children are viewed more positively as "cute and healthy" [40] , which also contributed to this situation. In addition, low recognition of excess weight status among children and adolescents was observed. These findings should be considered when planning prevention and treatment programs of pediatric obesity.
Regarding family income, Wang et al found that among children aged 6-18 years old, those in higher income groups were more likely to be obese in China and Russia, whereas those in lower income groups were at a higher risk of being obese in the U.S. [41] . Our study indicated that obese participants were more likely to have a higher family income, similar to the result found in a Jordanian population [42] and contrary to the result in Canadian children [43] . The mechanism of this region-related difference requires more exploration.
Although many studies have reported that some health-related factors, such as skipping breakfast, physical inactivity, and long hours of TV watching and video game playing, were associated with childhood and adolescent obesity [28, 42, 44, 45] , we failed to find statistically significant results, possibly due to the different definitions of the variables and an insufficient sample size.
There are limitations in the present study. First, our data were obtained from a cross-sectional study in rural Northeast China and are not representative of children and adolescents throughout the whole country. Extrapolating the conclusions to the general population should be done cautiously. Second, these analyses rely on self-reports from children and their parents, which might compromise the accuracy. Third, a relatively high drop of our population was observed. Although there were no significant differences in age and gender between the retained and excluded populations, this might still compromise the representativeness and the precision of the results. In addition, our results are based on a cross-sectional design, and thus, we could not define a causal association between health-related factors and weight status.
Conclusions
In summary, the prevalence of pediatric overweight and obesity was relatively high, particularly among the male participants. Differences in health-related factors and the parental recognition of their children' weight status among participants with different weight categories were observed. Obese children were more likely to be nonsnackers and to have a shorter sleep duration and higher family income. Collective evaluation of multiple healthrelated factors should receive more attention to better prevent and control overweight and obesity in this segment of the population.
